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Scanning near-field optical microscopy ~SNOM! using a deep ultraviolet ~DUV! light source was
developed for in situ imaging of a variety of chemical species without staining. Numerous kinds of
chemical species have a carbon–carbon double bond or aromatic group in their chemical structure,
which can be excited at the wavelength below 300 nm. In this study, the wavelength range available
for SNOM imaging was extended to the DUV region. DUV–SNOM allowed the direct imaging of
polymer thin films with high detection sensitivity and spatial resolution of several tens of
nanometers. In addition to the polymer materials, we demonstrated the near-field imaging of a cell
without using a fluorescence label. © 2004 American Institute of Physics.
@DOI: 10.1063/1.1642757#
Scanning near-field optical microscopy ~SNOM! has at-
tracted much attention in wide fields of chemical and bio-
logical researches, because it enables one to obtain an image
by chemical contrast through various spectroscopic tech-
niques with a nanometric spatial resolution. In the measure-
ment by SNOM, fluorescence spectroscopy is most com-
monly employed. The fluorescence SNOM is so sensitive
that it can detect the signal from a single molecule,1–4 and
provides valuable information such as the orientation and
spatial distribution of the fluorescent molecules from the
spectra and time-resolved profiles.5,6 However, the fluores-
cence spectroscopy is applicable only to the specimen which
is fluorescent or labeled with dye molecules. Recently, sev-
eral groups have reported Raman scattering spectroscopic
techniques in the near-field.7–11 Since Raman scattering is
associated with the transition between the vibrational energy
levels for a chemical bond in a molecule, it allows the direct
observation of a variety of chemical species without a stain-
ing procedure. However, it is practically difficult to detect
the Raman signal by SNOM because of the extremely low
scattering efficiency and the small excitation volume illumi-
nated by the localized optical near field. So far only several
kinds of chemical species have been observed by Raman
SNOM because of the difficulty in the enhancement of the
scattering signal up to the intensity level for the high resolu-
tion imaging. On the other hand, the fluorescence detection is
highly sensitive in comparison to the Raman detection be-
cause the cross section of fluorescence is larger by a factor of
more than 10 orders compared to that of Raman scattering.
Therefore, if the fluorescence SNOM is applicable to the
chemical species other than ‘‘fluorescent dye,’’ it would be-
come a powerful microscopic technique for chemical map-
ping with high detection sensitivity and spatial resolution.
In this letter, we describe the near-field fluorescence mi-
croscopy using a deep ultraviolet ~DUV! light source. Most
chemical species are excited by the DUV light below the
wavelength of 300 nm. Since many kinds of organic mol-
ecules have a conjugated carbon–carbon double bond in
their chemical structure, the DUV excitation gives rise to
autofluorescence of these molecules in UV wavelengths. For
example, the simplest aromatic compound, benzene, has an
absorption band around 250 nm and emits fluorescence at
270–300 nm. The optical near field at the DUV wavelength
enables one to directly observe a variety of chemicals with
high spatial resolution. Whereas the SNOM imaging at a
near UV wavelength range has been reported by several
groups,12–14 it can be used only for conjugated molecules
and the observable species have been still limited. Recently,
Sands et al. has reported the resonant Raman SNOM imag-
ing using a DUV light source.11 Because of the extremely
low signal intensity for the Raman scattering, it took several
hours to obtain a SNOM image. With regard to organic or
biological samples, the high signal collection efficiency is
required in order to reduce an exposure dose from an exci-
tation source and to obtain a micrograph in a short time. The
DUV fluorescence SNOM imaging described in this letter is
based on the detection of the strong fluorescence signal un-
der the DUV excitation, which is applicable to a variety of
chemical species with high sensitivity and subwavelength
spatial resolution. In this study, the DUV transmittable probe
and signal collection optics were implemented in the SNOM
system, and the fluorescence SNOM imaging under DUV
excitation was demonstrated for polymer and cell samples
without fluorescent labeling.
The SNOM probe is the most crucial part for the DUV
operation. The wavelength range available for the conven-
tional SNOM imaging has been limited to the visible region
due to the probe. In this study, the probe was made from an
optical fiber with a pure quartz core. The fiber was sharpened
by a heating-and-pulling process followed by chemical etch-
ing in buffered HF.15 The quartz SNOM probe was installed
to a commercially available scanning probe microscopy sys-
tem ~SP-301A, Unisoku!. The laser beam at 266 nm ~fourth
harmonic of a diode-pumped Nd:YAG laser! was coupled to
the cleaved end of the fiber probe by a single mode fiber
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coupler ~Newport! equipped with quartz objective and steer-
ing lenses. The gap between the probe end and the sample
surface was regulated by a shear force feedback mechanism.
The ultraviolet fluorescence signal from a specimen was col-
lected with a microscope objective made of quartz ~1.25 nu-
merical aperture, 403 , glycerol immersion! and detected by
a photomultiplier ~R4220P, Hamamatsu Photonics!. Optical
filters ~Omega Optical! were put in front of the detector to
block the excitation light.
The polystyrene ~PS! and poly~methyl methacrylate!
~PMMA! were used as the test samples. The toluene solution
of a polymer was spin cast on a quartz cover slip. A part of
the sample film was scratched to remove the polymers, and
the SNOM measurement was performed for the area includ-
ing the edge between the polymer and the exposed substrate
surfaces. Figure 1 shows the topographic and DUV fluores-
cence images for the PS and PMMA samples. The right- and
left-hand sides of each image indicate the polymer and ex-
posed quartz surfaces, respectively. The thickness of the
polymer films was estimated to be ;200 nm from the height
difference between the polymer and substrate surface for
each sample. The PS domain was observed as the bright area
in the SNOM image obtained by collecting the light at the
wavelength from 280 to 350 nm @Fig. 1~b!#. The fluorescence
from the PS thin film excited at 266 nm showed the maxi-
mum intensity at 310 nm, which is attributed to the phenyl
ring excimer emission. Thus, the spatial distribution of PS
was clearly imaged by the direct detection of the optical
signal without any staining procedure. The measured fluores-
cence intensity from the PS film with a thickness of 200 nm
was 45 000 photon counts/s. Since a few hundred photons
per second is enough to obtain a clear image, the DUV–
SNOM has such a high detection sensitivity as to measure
the films of aromatic compounds as thin as 1 nm. Similarly
to PS, other polymer materials having an aromatic ring such
as polyester were clearly observed and characterized from
the emission spectra by the DUV excitation. On the other
hand, since PMMA does not absorb the light at the excitation
wavelength of 266 nm, there is no contrast in the SNOM
image @Fig. 1~d!#. Since PMMA has an absorption band at-
tributed to electronic transition of the carbonyl group, it can
be observed in the SNOM image by adjusting the excitation
wavelength.
In order to demonstrate the spatial resolution beyond the
diffraction limit, we performed the measurement of the PS
latex beads with a diameter of 100 nm dispersed on a quartz
substrate. The PS beads are commercially available as the
‘‘nonfluorescent’’ latex ~Polybead carboxylate, Polyscience!.
Figure 2~a! depicts the fluorescence SNOM image of the PS
nanoparticles. Bright fluorescence was detected from each
bead with a volume on the order of attoliter; the SNOM
image was taken within 15 min. The cross section profile for
a PS particle is shown in Fig. 2~b!. The particle was observed
as the fluorescence spot with a diameter of 150 nm in the
DUV–SNOM image, that is, the particle was broadened by
50 nm. This indicates that the point spread function is about
50 nm, which is beyond the diffraction limit.
The DUV–SNOM imaging is applicable not only to
polymer materials but also to biological samples. Since
nucleic acids and part of the natural amino acids have con-
jugated functional groups, they absorb the light in the ultra-
violet region and emit the fluorescence at 300–400 nm. This
indicates that DUV–SNOM can be used for imaging bioma-
terials such as protein and DNA. Figure 3 shows the DUV–
SNOM image of the stromal cell, PA6. The fibrous structure
under the cell membrane can be clearly seen in the SNOM
image with a spatial resolution of 150 nm. At the excitation
wavelength of 266 nm, it is thought that all of the protein and
DNA in the cell were excited and emit the fluorescence in
this image. Since the SNOM developed in this study enables
us to use a broad wavelength range from DUV to near infra-
red, the selective imaging of a particular site is possible by
the different excitation/collection wavelengths much wider
than the conventional SNOM in the visible region.
In summary, the wavelength range of the excitation
FIG. 1. Topographic and fluorescence SNOM images in the DUV region for
PS and PMMA spin cast films: ~a! topography and ~b! SNOM images for the
PS film; ~c! topography and ~d! SNOM images for PMMA. The left-hand
side of each image indicates the substrate surface exposed by scratching the
polymer film.
FIG. 2. DUV–SNOM image of ‘‘nonfluorescent’’ PS nanoparticles with a
diameter of 100 nm ~a! and the cross section profile for the PS particle
indicated by the arrow in the fluorescence image ~b!. The sample was pre-
pared by spin coating from a PS latex dispersion in a 4 wt % poly~vinyl
alcohol! solution.
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source of SNOM was extended to the deep ultraviolet region
by the DUV transmittable probe and signal collection optics.
By illuminating the specimens with the optical near field in
the DUV region, most kinds of chemical compounds having
aromatic substituents can be directly imaged through the
fluorescence emission. The near-field imaging was demon-
strated for thin films of polymer and biological materials
without staining, and the spatial resolution of 50 nm was
achieved. Moreover, the DUV–SNOM has high sensitivity
to observe ultrathin films with a nanometric thickness be-
cause of the contrast mechanism of fluorescence detection.
DUV–SNOM allows the direct observation of a variety of
chemical species with a high resolution and sensitivity, and it
will be a powerful microscopic technique in wide research
fields.
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FIG. 3. SNOM image of the stromal cell, PA6. The excitation and detection
wavelengths were 266 and 280–360 nm, respectively. The scale bar indi-
cates 5 mm.
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